Unravelling transparency among the various disciplines of science in the context of their evolving processes is a methodological problem and the focus of a series of two papers presented here. This first paper presents the concept of the paradigm as a generic problem-solving tool for creating transparency by postulating that a paradigm, after its formation, shifts through proliferating, norming and performing stages. Each stage is associated with generic features. A common conception of the paradigm is synonymous with frameworks in science and technology; this concept is revisited in this paper and is presented as a generic problem-solving framework. The paper argues that science selects and intertwines many paradigms and a paradigm is a particular form of evolution in action. In its pre-paradigm period there is randomness among the rudimentary components with no sense of direction. In its forming and proliferating stages, a paradigm is composed of workable components with a one-way flow of information subject to the law of natural selection. In the norming and performing stages, a conscious process of consolidation takes place among the components with emerging hierarchies and with influences on the orientation of the paradigm but without full determination of the overall direction. In this way, a picture emerges where science has generic foresight, the formation of which can be influenced but not be fixed. This paper substantiates this postulate through the paradigm of science and institutionalisation and the following paper substantiates it through hydraulic systems.
INTRODUCTION
Hydraulic systems often encompass technical and social dimensions with hierarchical organisations. Such systems involve a whole range of problems, and problem-solving is integral to their design, operation and rehabilitation.
Problem-solving in science and technology is evidently a bridge between open-ended research tasks with few or no precedents and routine project tasks with an established precedent. Although there is a host of pragmatic problemsolving approaches offering practical solutions, they often suffer from (i) a lack of foresight due to overlooking the argues that, after the formation of a paradigm, its subsequent shifts are associated with characteristic features.
According to him, after the formation, every problem is not solved but extensive research and development and a plethora of publications lead to a 'normal science' stage.
Paper I takes a fresh look at the formation of paradigms and their subsequent shifts.
This paper postulates that a paradigm is formed and shifts through stages, each with characteristic features. This postulate is substantiated by the paradigms of science and institutionalisation. The implications of these paradigmatic stages are then substantiated in relation to hydraulic systems, giving examples on irrigation systems, municipal water supply systems and flood forecasting and warning systems. In order to gain a greater benefit, readers are prompted to interconnect the next section on the concept of paradigm with a parallel case related to their own experience or knowledge, e.g. the evolution in the motor industry towards environmentally friendly products or democratisation of political processes. Two definitions are presented at the outset of the paper concerning complexity and system. A system is an array of interconnected units towards a goal or purpose, whereas complexity refers to interconnected units without specifically referring to the goal or purpose.
PARADIGM-THE ROADMAP OF SCIENCE OR GENERIC DEVELOPMENTS
Kuhn used the term 'paradigm' in 1962 to describe the formation of scientific frameworks. According to him, after the formation of a paradigm it reaches the stage of normal science associated with some emerging inconsistencies. Kuhn then resorts to the Hegelian dichotomous dialectics as the basis to explain the shifts in existing paradigms or for the formation of new ones as a way of solving inconsistencies.
Kuhn's exposition of the concept of paradigm has a wide appeal in describing the nature of scientific activities during the period prior to the formation of a new paradigm, its formation and subsequent shifts. However, his 'constructivist' philosophy has been contested, where this doctrine regards scientific theories as social or intellectual constructs. Boyd (1992) presents an account of the differences among constructivism, realism and empiricism but in philosophical terms. The presentation here on the concept of paradigm differs from the exposition by Kuhn. The writer is not satisfied with a Hegelian speculation to explain the evolutionary processes in science.
The concepts addressed in this paper are neither concerned with Kuhn's constructivism nor with contentious aspects of philosophy. The writer's interpretation of the concept of paradigm is depicted in Figure 2 and this term is used as a roadmap to delineate the generic structure of science and technology. Any theory, concept or phenomenon can be viewed as a paradigm and therefore there can be many paradigms often interwoven together. It is postulated that paradigms often shift through 'forming', 'proliferation', 'norming' and 'performing' stages. These terms were used by Tuckman (1965) to describe the development of groups in social organisations but referred to 'proliferation' as 'storming'. Each stage is associated with generic features, as outlined below and is substantiated in the following sections. There appears to be no research describing stages in paradigm shifts.
Pre-paradigm periods
In this stage, researchers conceive problem areas as the 'tip of an iceberg'. Many possible components may emerge to solve each problem, normally with a saturation of a whole range of potential solutions. Each solution may fit a particular circumstance but is inherently arbitrary in its nature and does not offer any selective advantage.
The formation stage
A paradigm often emerges out of a diversity of potential arrangements of components. It is formed from time to time as a particular arrangement from the possible components often contrived in the pre-paradigm period.
The selection of the particular components is normally spontaneous and follows the law of natural selection. This law is not confined to biology anymore but observed in other fields of science. The building block responsible for the selection is not easy to identify but depends on the specific problem area or paradigm. It is important to press the points that (i) any arrangement with a selective advantage can potentially be selected, (ii) without the selection, the paradigm does not exist, and (iii) the particular selection is formed by the virtue of offering a selective advan-
tage. An important feature of natural selection is that it is a blind architect and this is reflected on forming paradigms. Thus (i), a forming paradigm, has no foresight and (ii) exists as long as its selective advantage prevails. An important feature of forming paradigms is that the interconnection of their constituent components implicitly contributes to the paradigm without any explicit knowledge of their full potentials. The interconnection of the components is tantamount to the establishment of a one-way flow of information through the components.
The proliferation stage
There may be two forms of proliferation: (i) different variations of the constituent components of a paradigm are arranged and offered to prevailing niche conditions;
(ii) the forming paradigm proliferates laterally across different disciplines. The proliferation stage is spontaneous and is triggered in response to niche conditions. The features characterising the forming stage remain true in this stage with additional features as follows: (i) a critical mass of scientists is formed who subscribe to the paradigm in the form of a movement fostering intense interests for further research; (ii) this stage is associated with positive feedback, defined as the amplification of the influence of the paradigm compared with the pre-paradigm period; (iii) the flow of information in the proliferation stage of the paradigm is inevitably one-way, i.e. from researchers to end-users or end-users react to researchers but researchers are unable to react to end-users' needs; (iv) problem-solving at this stage is capable of selecting viable arrangements through treating the system one component at a time. Each selection makes up one output of the paradigm, in which the synergy of the interconnection among the components is neglected, including any interconnection between researchers and end-users. The paradigm and its outputs are opportunistic for exploiting niche conditions.
Commonality between forming and proliferating stages
The paradigms at these stages are reductive (see the definition in the next section). Further common features of both of these stages include the following: (i) the degree of organisation increases but spontaneity still remains significant; (ii) end-users react to the paradigm, which exploits the niche conditions and, as such, the degree of intelligence is still relatively low in the sense that the synergy among interconnected components of the para- 
The norming stage
Norming is a process of movements, which often unravels consciously the barriers inherent in the proliferation stage.
During this process, an important task is to problem-solve towards, or to develop the principles for, the performing stage. It is inherently related to transforming the implicit knowledge of the interconnectedness among the constituent components into explicit knowledge and exploitation of that knowledge. There is a realisation at this stage that more can be obtained from the problem area of the paradigm through the hierarchical organisation of the components but this is normally a process of two-way flow in information. Thus, problem-solving capabilities treat the whole, i.e. all the components in one hierarchy and all the hierarchies in one system with two-way flows of information. Such interconnectedness is referred to as holism, which facilitates a continual search for an insight into the synergy among constituent components and hierarchies (the writer refers to this as 'longitudinal holism') and among the various paradigms that can be interconnected (the writer refers to this as 'lateral holism'). The writer argues that many paradigms now are at their norming stage displaying the following features:
• The degree of organisation increases among the components and spontaneity reduces.
• Intelligence prevails and increases owing to adopting the strategy of interconnected components through proactive problem-solving approaches. This interconnectedness is generic and applies to various paradigms, reflecting its paradigmatic stages.
The performing stage
In the performing stage, the solving of the problem of problem-solving is matured. A fundamental requirement for the performing stage will probably be the capability to maintain steady performance and adapt to changing environmental states through feedback mechanisms. Such a capability can be gained through delivering 'customised solutions', defined as the capability to identify and implement a host of necessary arrangements or changes within the systems to comply with both external and internal boundary conditions. This capability is only possible if there is a two-way flow of information: (i) from the environment to the system, and (ii) from the system to the environment. In addition, the components can be rearranged or refined, each with a predictable outcome. For instance, sustainable development seems to be one key principle in shaping the direction of science towards its performing stage. However, it is hard to see how sustainable solutions can be delivered without the capability for the system responding to the environmental constraints and the beneficiaries of the system not responding to the limits of the system. Through the capability of delivering customised solutions with feedback loops, it is possible for the system to maintain steady performance and adapt to changing environments. The concept of civic science is not explored here further but its importance is stressed. The term is proposed by Shannon & Antypas (1996) to democratise science and define it, as follows: '. . . civic science involves scientists as citizens and citizens as lay scientists in a process in which knowledge production is integrated . . .'.
Commonality among all the stages
The stages postulated on paradigm shifts are clearly generic and a roadmap to depict the frameworks of science and technology. The shifting of paradigms through generic stages, outlined above, embraces natural selection but is not confined by it. Sigmund (1993) states that 'Natural selection constructs without foresight. It improvises, using whatever happens to be around.'. This roadmap shows that this is particularly true for the forming and The point to press is that a different picture emerges when a complexity or a system is viewed through paradigm shifts rather than in Kuhn's account. 
THE PARADIGMS OF SCIENCE AND INSTITUTIONALISATION
The paradigms of science and institutionalisation are used to substantiate the postulate and these are presented in this section and depicted in Figures 3 and 4 .
The pre-paradigm period
The etymology of the word 'science' is not the subject here but it has an evolving meaning. Its usage as 'to know' with a variety of connotations is old, as for instance in the 
The formation stage-reductive science
Reductive science, as a problem-solving methodology, has broken the tradition of speculation since the 16th century.
Speculation was a typical symptom of philosophy prior to the reductionism and this still remains a norm in philosophy. Reductive science emerged from the integration of observation and theory into a problem-solving methodology through breaking down a system into its constituent components and individually analysing each component.
The analysis normally explains complexities through a cycle of activities comprising the following postulates:
• an objective methodology (theory) is built on assumptions, The strength of the paradigm of reductionism was on simplicity and objectivity conferring the ability to challenge the inherent assumptions. These strengths, associated with mathematical descriptions of many problems in physical science, created an outstanding impact.
The success of reductionism is undeniable; Medawar & Medawar (1977) assert that it is 'the most successful explanatory technique that has ever been used in science'.
From the proliferating to the norming stage
Science was 'reductive' and often confined to 'hard' systems until the emergence of information technology and of systems theory originating in biology by Bertalanffy. 
The norming stage-systemic stage
The systems approach to problem-solving is built on • Complexity is organised hierarchically.
• Lower hierarchies are 'closed systems' in the sense that they contain inherently increasing entropy (see Khatibi (1997) for a further discussion on entropy).
Higher hierarchies are open in the sense that there are feedback loops to regulate the inherently increasing entropy associated with both closed-system lower hierarchies and open-system higher hierarchies.
• Feedback loops maintain the flow of information from higher to lower hierarchies and within a higher hierarchy, thus enabling control and regulation.
• Each hierarchy is a synthesis of a finite and often a few simple components, which are bound together by certain rules. These components may be referred to as 'simplicities'.
• The components of a higher hierarchy are a composition of components of lower hierarchies but there are emergent properties at a higher level which are absent in the lower ones.
• The complexity of a system is a composition of its hierarchies. In this sense, complexity is a system without referring to its goals or purposes.
The above postulates specifically define the systems problem-solving method and these postulates together continually maintain an insight into the whole system. The strength of this problem-solving method is in its explanation of the emergent properties of open systems, which consist of (i) maintaining steady performance and (ii) adapting to change. The writer believes that the postulates
are not yet complete and there is a need for further development, such as the place of systems approaches within the stages of paradigm shifts. There is also a lack of provision for interacting systems but this has given rise to systemic problem-solving, as outlined below.
One problem with systems approaches is that holism is often well developed within a system (longitudinal holism) but when many systems interact, each system is often treated in a reductive way (a lack of lateral holism). 
Decision-making
Decision-making has also undergone paradigm shifts. In (iii) In the systemic stage feedback mechanisms were introduced to many systems to regulate and control their performance. A whole range of other approaches was also developed for a better control and these include risk/value management, quality assurance and total quality management.
(iv) Many of the tools for challenging assumptions in a scientific framework have already emerged.
However, the assumptions can be challenged if a framework is created, as discussed below, to continually create new knowledge and align the organisation with its environmental requirements.
The role of categorisation cannot be overemphasised in this process.
Reorganisations
Reorganisation is a modern feature of many modern institutional arrangements. These arrangements were often formed during or after the Industrial Revolution.
According to Drucker, the first modern enterprises were • The command-and-control model ensured a one way flow of information.
• Information technology ensured a two-way flow of information but without any alignment.
• Knowledge management signifies a two-way flow: (i)
goal-orientation among knowledge owners to align the organisation with the environment, and (ii) knowledge creation to ensure that the organisation can maintain the delivery of customised solutions.
Overview of knowledge management
Two of the three premises of knowledge management 
COMMENTS
The presentation of the paradigm of science and its shifts largely substantiate the postulate given in this paper. In the previous section it was argued that the postulate offered spontaneous foresight but the phrase was It is argued here that science and technology are intertwined social and intellectual constructs through selecting many paradigms 'layer-by-layer'. At the forming and proliferating stages, a paradigm is evolution in action, where the remark by Dawkins (1999) is emphasised that 'evolution is blind to the future'; whereas at the norming and performing stages, the paradigm has a foresight with the following properties:
• the foresight is an outcome of its making processes and not fixed, and
• the foresight is spontaneous and will emerge as an emergent property. tion cannot be made infinitely fine. This is another philosophical issue that is not discussed here.
The ability to break down a complexity into its lower order building blocks is a focal point at the reductive stage of a paradigm (i.e. the forming and proliferating stages).
The writer argues that the ability to challenge the assumptions is equally important and must not be overlooked.
Reductive science devised simple cyclic reviews, often through a manual procedure. This simple framework was the foundation of objectivity in science. The writer is not aware of treating this issue as a scientific/philosophical issue and therefore presents his own interpretations of the subject. A paper is under preparation, postulating that truth and challenging truth are two intertwined paradigms. The strife in the formation of these paradigms goes back to pre-history but the success is not related to a single scientific discovery. In fact these paradigms are also shifting through stages but these are not discussed in this paper. Dyson (1989) It is further argued that systemic problem-solving is an integration of reductionism and holism. The concept of paradigm shifts is the main focus of Paper I and postulates that paradigms shift as follows:
CONCLUSION
• A paradigm is formed following the law of natural selection under spontaneous pre-paradigm conditions.
• It shifts through stages of proliferation, norming and performing through which spontaneity is reduced but not entirely eliminated.
• At the norming stage, the components of a paradigm become interconnected through two-way flow of information producing intelligence on existing conditions. A foresight also emerges towards performing stages to deliver customised solutions.
This paper outlined some of the aspects of knowledge management. Although no new methods are presented, it is argued that there are new emergent properties to be identified when problem-solving methodologies are refined. The core of this paper is as follows:
• The generic developments associated with systems can be identified through the concept of paradigm where their complexity is likely to be systemic.
• Each complexity may be decomposed into hierarchies through systems approaches.
• Problemsolving evolves through paradigmatic stages and at the systemic stage, knowledge management offers a new impetus.
• Arguably science is at the norming stage, which is a conscious process and can be expedited through systemic knowledge management.
